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An outstanding goal in quantum optics is
the realization of fast optical non-linearities at
the single-photon level. Such non-linearities
would allow for the realization of optical devices
with new functionalities such as a single-photon
switch/transistor [2, 3] or a controlled-phase gate
[3], which could form the basis of future quan-
tum optical technologies [4]. While non-linear
optics effects at the single-emitter level have
been demonstrated in different systems, including
atoms coupled to Fabry-Perot or toroidal micro-
cavities [3, 5, 6], super-conducting qubits in strip-
line resonators [7–9] or quantum dots (QDs) in
nano-cavities [10–13], none of these experiments
so far has demonstrated single-photon switching
on ultrafast timescales. Here, we demonstrate
that in a strongly coupled QD-cavity system the
presence of a single photon on one of the fun-
damental polariton transitions can turn on light
scattering on a transition from the first to the sec-
ond Jaynes-Cummings manifold with a switching
time of 20 ps [4]. As an additional device ap-
plication, we use this non-linearity to implement
a single-photon pulse-correlator. Our QD-cavity
system could form the building-block of future
high-bandwidth photonic networks operating in
the quantum regime [15–17].
A single-photon switch is a device where a single op-
tical gate (or control) photon controls the propagation
(or scattering) of incident signal photons through non-
linear optical interactions [3], as illustrated in Figure 1a.
The requisite large photon-photon interactions are pro-
vided by the basic system of cavity quantum electrody-
namics (QED) [18], namely that of a single quantum
emitter strongly coupled to a single cavity mode: Fig-
ure 1b displays the first two rungs of the correspond-
ing energy diagram, the so-called Jaynes-Cummings lad-
der. The anharmonicity of the Jaynes-Cummings lad-
der with the resulting single-photon non-linearity is due
to the quantized nature of the radiation field and has
been demonstrated for almost all cavity-QED implemen-
tations either spectroscopically [5, 7–9, 11–13] or through
photon-correlation measurements [1, 4, 6, 19–21]. How-
∗These authors contributed equally to this work.
FIG. 1: A single-photon all-optical switch. a, A single
control photon incident on the QD-cavity device determines
whether a signal photon of different colour is scattered. b,
Energy-level diagram of the strongly coupled QD-cavity sys-
tem up to the second manifold of the anharmonic Jaynes-
Cummings ladder. A single control photon on the upper po-
lariton transition (UP) to the first manifold ( | g, 0〉 → | 1,+〉)
changes the scattering rate of a second signal photon reso-
nant with a transition from the first to the second manifold
( | 1,+〉 → | 2,+〉). c, Setup for the demonstration of ultra-
fast single-photon switch operation. The relative delay be-
tween signal and control pulses is adjusted by a continuous
delay stage. In addition, a discrete delay line, corresponding
to a time delay of ≈ 5 ns, can be added to the path of the
signal pulse using a fibre switch. The photons back-scattered
from the QD-cavity system are detected by an avalanche pho-
todiode (APD) in single-photon counting mode.
ever, the speed of devices that are based on single-
photon non-linearities have so far not been addressed.
Since the ultimate switching times are limited by the re-
ciprocal emitter-cavity coupling strength, quantum dots
strongly coupled to nano-cavities [10, 23–25] emerge as
ideal candidates for the realization of ultrafast single-
photon non-linear devices, due to their record-high cou-
pling strengths.
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2FIG. 2: Two-colour spectroscopy of the strongly coupled QD-cavity device. a, System response with (•) and without
(◦) control laser present when scanning the signal laser across the QD-cavity spectrum (for a cavity blue-detuning of ≈ −0.1g).
Pulse durations of both control and signal laser pulses were 86 ps. Inset: autocorrelation histogram taken on the upper polariton
transition (pulse duration 72 ps) clearly demonstrating photon blockade. b, Non-linear behavior is observed for a time delay
between the control and the signal pulses of 5 ns (blue data points) and 25 ps (red data points). c, Subtracting the red and
the blue data points of part (b) from each other, we obtain the system non-linearity due to the Jaynes-Cummings dynamics
taking place on ultrashort timescales. In (b) and (c), three adjacent data points were averaged. The black curve in (c) was
obtained from a Monte-Carlo wave-function simulation of the system dynamics with the experimental parameters as input.
Our device consists of an InAs/GaAs quantum dot po-
sitioned at an electric-field maximum of a photonic crys-
tal defect cavity in L3 geometry [10]. The QD-cavity
system is deep in the strong coupling regime: With a
coherent coupling constant g of 141 µeV and a qual-
ity factor of Q ≈ 25 000, i.e. a cavity photon decay
rate κ corresponding to 53 µeV, the figure of merit for
the anharmonicity of the coupled system, g/κ ≈ 2.7,
well exceeds the previously reported values in literature.
Resonant spectroscopy of the strongly coupled system is
performed using a crossed-polarization technique which
ensures efficient suppression of the excitation-laser light
back-reflected from the sample surface [1]. Ultrafast laser
pulses with pulse durations between 33 and 86 ps are de-
rived from a mode-locked Ti:Sa laser (see Methods). The
pulse delay between control and signal pulse is adjusted
by a motorized delay stage (Fig. 1c).
We first carry out resonant spectroscopy of the strongly
coupled QD-cavity system by scanning the center fre-
quency of the pulsed laser across the polariton spectrum
(see Methods) when QD and cavity are very close to res-
onance. The result of a single scan is displayed as open
circles in Fig. 2a for a pulse duration of 86 ps and an av-
erage signal power of 1 nW. As reported previously [1],
we employ an off-resonant re-pump laser at a repetition
rate of 1 MHz to partially counteract the laser-induced
quantum-dot blinking present in the system. Due to this
blinking, we obtain a three peak spectrum consisting of
the upper and lower polariton peaks (UP and LP) and
the uncoupled cavity peak in the middle (see Supple-
mentary Material). In order to ensure that we work in
the single-photon regime, we carried out photon auto-
correlation measurements [1] demonstrating photon an-
tibunching, i.e. photon blockade [19], on both upper and
lower polariton transitions to the first Jaynes-Cummings
manifold (see inset of Fig. 2a).
Next, we perform two-colour spectroscopy of the
strongly coupled QD-cavity system. We tune the control
laser, with average power 2 nW, to the upper-polariton
resonance and scan the signal laser pulse across the spec-
trum. For this scan, the delay of the signal pulse with
respect to the control pulse was chosen to be 25 ps cor-
responding to the polariton lifetime. The resulting spec-
trum is again displayed in Fig. 2a: the filled (open) circles
show the system response with (without) control laser
present. The difference between the two data sets di-
rectly reflects the non-linear response of the QD-cavity
system, with the reduction of the polariton signal be-
ing the most obvious effect of the presence of the con-
trol laser. We plot this difference in Fig. 2b (red data
points). In addition to the fast photon-photon interac-
tions of interest, the coupled system also exhibits a slow
non-linearity caused by the laser-induced QD blinking
discussed in the previous paragraph (see Supplementary
Material). To distinguish between the two effects, we
acquire the same spectra as in Fig. 2a but now with a
time-delay of 5 ns between the control and signal pulse
which is much longer than the polariton lifetime and the
laser-pulse widths. The difference signal is again dis-
played in Figure 2b as blue bullets. Subtracting the two
3non-linear responses in Fig. 2b from each other yields the
fast non-linear optical response from the strongly coupled
QD-cavity system and is depicted in Fig. 2c: the data
shows that the largest non-linear effect occurs at the spec-
tral position of the polaritons (vertical blue lines). Here,
the change in the scattering rate induced by the con-
trol laser is negative (≈ −15%) due to saturation of the
corresponding transitions. At the transition wavelength
from the first to the second manifold (vertical red line),
this change is positive (≈ +6%) since the absorption of
the control photon enables the subsequent scattering of
a signal photon. For confirmation, we performed numer-
ical simulations based on a Monte-Carlo wave-function
(MCWF) approach with the experimental parameters as
input and only the absolute amplitude of the non-linear
signal determined from a least-square fit to the data (see
Supplementary Material). The excellent agreement be-
tween theory (black line) and experiment clearly demon-
strates that the observed positive non-linearity is indeed
due to the two-colour transition to the second Jaynes-
Cummings manifold. We emphasize here, that due to
the finite linewidth of the coupled-system eigenstates as
well as the finite bandwidth of the laser pulses there is
some overlap between transitions from the first to the
second and from the second to the third manifold and so
forth. Hence, we expect a non-negligible contribution to
the non-linear signal stemming from states higher up in
the JC ladder.
In order to demonstrate ultrafast switching by sin-
gle photons, i.e. conditional scattering of signal photons
on ultrafast timescales, we vary the delay between con-
trol and signal pulses while recording the (positive) non-
linearity for fixed laser-detunings. As depicted in Fig. 1b,
we choose the control pulse to be resonant with the fun-
damental upper polariton and the signal pulse to be res-
onant with the transition from the first to the second
manifold. The result is plotted in Figure 3a for a pulse
duration of 33 ps; the black dots depict experimental
data, while the red curve was obtained from a MCWF
simulation with the absolute amplitude extracted from
a least-square fit to the data. Our single-photon switch
exhibits both ultra-fast turn-on and turn-off characteris-
tics: The sharp turn-on of the non-linear response of the
QD-cavity system around zero time delay reflects the re-
sponse time of the system and clearly demonstrates ultra-
fast switching operation of the strongly coupled device:
we find that the corresponding turn-on time (the time the
signal takes to rise from 10% to 90% of the maximum) is
about 20 ps. At delay times longer than ≈ 30 ps, the non-
linear signal of Fig. 3a exhibits a fast exponential decay
corresponding to the polariton lifetime which in turn de-
termines the turn-off time of our device. The asymmetry
in the pulse-delay dependence is a direct consequence of
the cascaded-nature of the underlying two-photon tran-
sition.
The ultimate switching time is in principle determined
FIG. 3: Ultrafast non-linear response. a, Measured non-
linear response of the QD-cavity system (black points) as a
function of delay between control and signal laser pulses for a
FWHM of the pulses of 33 ps. Here, the non-linearity is given
as relative increase/decrease of the detected photon scattering
rate compared to the case without control laser. The sharp
turn-on at zero time-delay takes place over 20 ps – demon-
strating unprecedented switching times in a non-linear pho-
tonic device. At positive time delays, when the control photon
arrives before the signal photon, the polariton lifetime sets the
relevant timescale. The red curve was obtained from a numer-
ical simulation using a Monte-Carlo wave-function approach
with the experimental parameters as input. b, Transfer char-
acteristic of the single-photon switch. Here, the non-linear
signal was recorded as a function of control power for a pulse
delay of 25 ps. For average powers larger than 1 nW, the
system saturates. The dashed line is a guide to the eye.
by the anharmonicity of the Jaynes-Cummings spectrum,
and is given by ((2 − √2)g)−1 ≈ 20 ps – close to the
switching time observed in the experiment. Besides the
switching speed, a quantity of interest is the transfer
characteristic, i.e. the output signal as a function of con-
trol power which is plotted in Fig. 3b. Here, we recorded
the signal photons scattered from the system as a func-
tion of input power of the control pulse. As expected,
we first see a linear increase with control power and then
4FIG. 4: Single-photon pulse-correlator. The strength of
the non-linearity, as defined in the caption of Fig. 3, as a func-
tion of delay for pulse durations of a, 51 ps and b, 86 ps. The
longer the pulse, the more symmetric the non-linear response.
The red curves are the numerical convolutions of the streak-
camera images shown as insets. The absolute amplitudes and
the peak positions of the convoluted signals were fit to the
data. c, The simulated width (•) of the non-linear system
response versus laser-pulse width. For pulse durations larger
than 50 ps, the simulated width of the non-linear signal ap-
proaches that of the correlator width of the laser pulses (red
dashed line). For very short pulses, the polariton lifetime sets
the lower limit for the system response.
saturation when the mean intra-cavity average photon
number reaches ≈ 0.25.
Besides the realization of single-photon switching, the
strong non-linearity of the QD-cavity system can be
applied for measuring pulse widths of ultrafast optical
pulses down to the single-photon level. This is demon-
strated in Figure 4, where we map out the non-linear
system response as a function of pulse delay for pulse
durations of 51 ps and 86 ps. Since the pulse widths are
significantly longer than the polariton lifetime of 25 ps,
the system response is more symmetric than in the case
of the 33 ps pulses of Fig. 3a. We find good agreement
between the pulse-delay-dependent non-linearity and the
numerical convolutions of the independently obtained
streak-camera images (red lines). Figure 4c compares
the FWHM obtained from Monte-Carlo simulations of
the non-linear system response with the FWHM of the
incident (Gaussian) laser pulses. The red dashed line
corresponds to the correlator width of the pulses. Above
50 ps, the deviation of the simulated width from this line
is less than 5 % – in this range our device works nicely
as a single-photon pulse-correlator. Finally, we remark
that single-photon switch and/or pulse-correlator opera-
tion can also be realized centering the signal pulse on the
other (lower) polariton transition, which yields a larger
magnitude for the non-linearity (see Fig. 2c and Supple-
mentary Material).
A natural extension of our work would be the realiza-
tion of a single-photon transistor where the presence of a
single control-photon (Nc = 1) enables the scattering of
Ns ≥ 2 signal photons [2, 3]. A simple calculation shows
(see Supplementary Material) that if pure dephasing were
absent, our QD-cavity device would exhibit a modest
gain of G = Ns/Nc > 2. While increasing the ratio
g/κ would already increase G, high-gain (G  1) tran-
sistors may be realized in combination with EIT schemes
[26–29]. Another landmark achievement would be the
demonstration of preservation of quantum coherence dur-
ing the non-linear interaction, which could then pave the
way for the realization of an ultrafast controlled-phase
gate between two single-photon pulses [30].
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Methods
Pulse preparation
Both control and signal laser pulses are derived from
the same mode-locked Ti:Sa laser with a pulse repetition
rate of 76.3 MHz and an intrinsic pulse width of a few
picoseconds. The laser pulses are sent through a grat-
ing spectrometer for frequency filtering and split by a
50/50 beam splitter. Both beams are then coupled into
single-mode optical fibres. The resulting spectral width
of the pulses can be adjusted from 0.04 nm to 0.015 nm
by an additional slit in front of the spectrometer which
determines the effective NA of the spectrometer. The
pulses are nearly Fourier-limited, thus we can adjust the
pulse duration from about 33 ps to 86 ps. We mechan-
ically tune the center frequency of the signal pulse by
employing a piezo-driven mirror holder in front of the fi-
bre coupler which enables coupling of different parts of
the spectrum into the fibre. The center frequency of the
pulse is monitored using a wavemeter, and a computer-
controlled feedback loop allows for tuning. The average
power of both control and signal laser beams is stabilized
using acousto-optical modulators. The relative delay of
the two pulses is adjusted using a motorized delay stage.
5Pulse shapes and delays are monitored by sending the
light reflected from the sample surface to a streak cam-
era with approximately 4 ps time resolution.
Extraction of the optical non-linearity
When applying both a control pulse at time t and
a signal pulse at time t + τ to the system, the time-
integrated response can be written as Nboth on(τ) =
Ncontrol +Nsignal +Nnl(τ), where Ncontrol and Nsignal de-
note the number of scattered photons when only a con-
trol respectively signal laser is applied. Nnl(τ) is the
total optical non-linearity, quantified as the number of
additional scattered photons. Its origin is twofold: A
fast (≈ ps) contribution arising from the anharmonic-
ity of the Jaynes-Cummings ladder (JC) and a slow
(≈ µs) contribution stemming from charge blinking, thus
Nnl(τ) = Nnl,JC(τ) + Nnl,blinking(τ). If we choose an in-
termediate timescale τint on the order of ns, such that
ps  τint  µs, then Nnl,JC(τint) ≈ 0. For τ  µs,
Nnl,blinking(τint) ≈ Nnl,blinking(τ) and
Nnl,JC(τ) ≈ Nnl(τ)−Nnl(τint),
where Nnl(τ) = Nboth on(τ)−Ncontrol −Nsignal.
(1)
In order to determine Nnl(τint) we choose τint ≈ 5 ns,
by switching an additional delay line into the path of the
signal laser. In order to eliminate long-time drifts we
measure Nboth on(τ), Ncontrol and Nsignal simultaneously
by switching the control and signal lasers on/off with
5 kHz and 10 kHz respectively and sorting the output
photons accordingly.
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6Supplementary Information
Estimating typical blinking times
As described in a previous publication [1], our QD-
cavity device exhibits significant blinking due to charging
when resonantly excited with laser light. For very low ex-
citation powers, the typical blinking time τb (correspond-
ing to the lifetime of the neutral QD state in presence of
laser light) was determined from auto-correlation mea-
surements using a single APD. We find that τb decreases
linearly with increasing average laser power. As a result,
the polariton signals saturate and the number of photons
scattered on the bare cavity mode increases quadratically
with increasing power (see Fig. S1a). In contrast to the
Jaynes-Cummings non-linearities, this non-linearity oc-
curs on the blinking timescale τb.
We counteract the blinking effect by shining in an off-
resonant laser for re-pumping and thus partially restoring
the polariton signal (see Fig. S1b). Since we find a typical
blinking time on the order of a few µs, the re-pump laser
repetition frequency is on the order of MHz. For deter-
mining τb at nW light levels, we record the photon auto-
correlation function with a pulsed laser resonant with a
polariton transition, as described in [1]. Figure S1c dis-
plays a typical auto-correlation histogram taken on the
upper polariton for an excitation power of 2 nW and a
re-pump pulsing rate of 1/Trepump = 0.5 MHz. As a
consequence, the auto-correlation function exhibits a pe-
riodic triangular shape on the µs scale. The triangle at
zero time delay is about a factor of 3 larger than tri-
angles at other times. This (classical) bunching effect
indicates that the system, on average, is in the desired
neutral ground state after every third re-pump pulse.
The detected polariton emission after a re-pump pulse
is given by I (t) = Ipol e
−t/τb , if 0 < t < Trepump/2 and
I (t) = 0, if Trepump/2 < t < Trepump. The classical auto-
correlation function therefore reads as follows
G(2)
(
t˜
)
=
∫ Trepump
0
I (t) I
(
t+ t˜
)
dt
= 12I
2
pol τb e
−t˜/τb
(
e−2t˜/τb − e−Trepump/τb
)
for 0 < t˜ < Trepump/2.
(S1)
We fit the trailing slope of the central triangle to
the formula above, resulting in a blinking time τb =
(6.2± 1.2)µs τint.
In the experiment described in the main text, we
record the system non-linearity for two different cases.
In the first case, control and signal pulses overlap in
time (|τ | < 200 ps), in the second case, they are sep-
arated by several ns (τint ≈ 5 ns). For the extraction of
the Jaynes-Cummings optical non-linearity, we calculate
Nnl,JC(τ) = Nnl(τ) − Nnl(τint) (see Methods, Eqn. (1)),
which is based on the assumption that the non-linearity
due to charge blinking remains unchanged within time
FIG. S1: Quantum dot blinking. a, Even at extremely
low laser powers, the signal from the QD-cavity device shows
signs of laser-induced blinking: the number of photons scat-
tered from the uncoupled cavity mode (red bullets) grows
quadratically, while the number of scattered photons on the
polaritons (blue bullets) saturates at very low levels. b, A
re-pump laser at 857 nm [1] counteracts the blinking and par-
tially recovers the polariton signal (blue line) at nW light
levels. Without re-pump laser, the polariton signals are van-
ishingly small (red line). c, Correlation histogram for pulsed
excitation of the upper polariton recorded in pulsed APD-
readout mode (black pulses in inset) with the re-pump laser
present (blue pulses in inset). The resonant laser was on per-
manently (red bar in the inset). The red line on top of the
histogram is a fit of the slightly curved trailing slope of the
center triangle, while the dashed straight line is shown for
reference.
τint. As the above analysis shows, this is justified, since
τblinking  τint.
Calculation of the optical non-linearity
As described in the Methods section in the main
text, we specify the optical non-linearity as Nnl(τ) =
Nboth on(τ) − Ncontrol − Nsignal. Here, τ is the delay
of the signal pulse with respect to the control pulse,
and Nboth on(τ), Ncontrol and Nsignal are the number
of emitted photons per pulse (pulse pair) when ei-
7ther both laser pulses together, only the control or
only the signal laser are applied, respectively. The
photon number per pulse is given by Nboth on(τ) =∫ Trep/2
−Trep/2 I (t) dt, where I (t) is the rate of emitted pho-
tons given by I (t) = 〈g| Cˆ† (t) Cˆ (t) |g〉, where |g〉 de-
notes the system ground state, before a laser pulse
has excited the system. The system collapse operator
Cˆ (t) =
√
κ aˆ (t) evolves according to the non-Hermitian
effective Hamiltonian Heff (t) = HJC + Hint (t) −
ih¯
2
(
κ aˆ†aˆ+ γ σˆ+σˆ− + γdeph
)
, where aˆ is the cavity pho-
ton annihilation operator and σˆ+, σˆ− are the exciton cre-
ation and annihilation operators. HJC is the Jaynes-
Cummings Hamiltonian and Hint =
h¯Ω(t)
2
(
aˆ+ aˆ†
)
de-
notes the interaction with the Gaussian laser pulses,
Ω (t) = Ωcontrol exp
(
−iωcontrolt− 2 ln (2) t2/ T 2pulse
)
+
Ωsignal exp
(
−iωsignalt− 2 ln (2) (t+ τ)2 / T 2pulse
)
. κ de-
notes the cavity dissipation rate, γ the exciton spon-
taneous recombination rate and γdeph the exciton pure
dephasing rate. Ωcontrol and Ωsignal correspond to the
maximal laser-cavity coupling rates at the peak power
of control and signal pulses, with an overall 2 % sys-
tem coupling efficiency included. Ncontrol and Nsignal
are calculated in the same way, with Ωsignal = 0 or
Ωcontrol = 0 respectively. In order to determine I (t), we
use a Monte Carlo wavefunction (MCWF) approach, as
described in [2]. The calculations are performed with the
experimentally determined values, λexciton = 937.25 nm,
h¯g = 141 µeV, h¯κ = 53 µeV, h¯γ = 0.66 µeV, and
h¯γdeph = 13 µeV [1].
Cross-correlation of upper and lower polaritons
In the main text, we demonstrate a positive non-linear
response of the system when driving the fundamental
upper polariton transition with a control pulse and the
transition from the first to the second Jaynes-Cummings
manifold with a signal pulse. For pulse durations of
Tpulse > 50 ps, the width of the delay-dependent non-
linearity corresponds to a very good approximation to
the convolution of the original control and signal pulses.
Thus, the system can serve as a single-photon pulse cor-
relator. Similarly, one can use the two polariton tran-
sitions for demonstration of pulse-correlator operation.
We carried out the corresponding experiment by excit-
ing the upper polariton transition with the control laser
and the lower polariton with the signal laser. In this case,
the optical non-linearity is negative (compare Figure 2c
of the main text), since the ground state population is
decreased with the control/signal laser present, prevent-
ing the other laser to scatter photons on the lower/upper
polariton transition, respectively. Without post-filtering
the scattered photons (corresponding to the situation in
our experiment), the control and signal pulses are inter-
FIG. S2: Ultrafast negative non-linear system re-
sponse. Non-linear system response of the QD-cavity device
as a function of pulse delay with the control laser set to the
upper polariton and the signal laser on the lower polariton
transition for pulse durations of a, 33 ps and b, 51 ps. Both
lasers had an average power of 1 nW. Since here the role of
control and signal lasers are interchangeable, the system re-
sponse is symmetric. The red curves are results from MCWF
simulations with the absolute amplitude determined from a
least-square fit to the data.
changeable without having any effect on the non-linear
system response. The negative non-linear response on
the polaritons is about a factor of two larger than the
positive non-linearity on the transition into the second
Jaynes-Cummings manifold, as can be seen in Fig. 2c of
the main text. Figure S2 displays corresponding mea-
sured negative non-linear system responses as a function
of pulse delay for pulse durations of (a) 33 ps and (b)
51 ps.
Transistor operation
As suggested in Ref. [4], the present device could in
principle be operated as a single-photon transistor. In
analogy to a conventional electronic transistor, a single-
photon transistor should exhibit gain. Following Ref. [3],
at the level of single light quanta one can define the gain
G as the number of scattered signal photons Ns, per in-
cident control photon before the spontaneous relaxation
of the device back into its ground (or off) state. In a
three-level lambda system as considered in that article,
G is given by the ratio of relaxation rates (or branching
ratio) of the signal and the control transition. Following
this argument, one might naively expect that in a Jaynes-
Cummings system the gain should be determined by the
ratio of the excited state lifetimes of the first compared
to the second manifold. However, due to the finite over-
lap of transitions between higher-lying manifolds, mul-
tiple transitions are involved in the system dynamics.
If g/κ > 2, the fundamental polariton transitions are
to a certain extent spectrally separated from the rest,
i.e. from the higher-lying transitions. If a weak control
laser pulse is resonant with a transition from the ground
8state to a polariton state while a stronger signal pulse ad-
dresses the higher-lying transitions jointly, a gain larger
than one is possible due to the decreasing anharmonicity
for higher photon numbers. In a simple simulation using
the MCWF method, we find that a Jaynes-Cummings
system with g/κ = 2.7 (our device) can have a gain of at
least G ≈ 2.2 and an on/off ratio of ≈ 5, provided pure
dephasing is neglected. If g/κ is increased by a factor of
4 (as could be achieved with larger Q in state-of-the-art
nano-cavities), a gain of G ≈ 6.5 and an on/off ratio of
≈ 13 could be obtained. The calculated gain rapidly de-
creases for the experimentally observed dephasing rates.
Hence, a clear experimental demonstration of transistor
gain appears to be very demanding with the current sys-
tem parameters.
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